1 As the number of estimated parameters in the model (K) is smaller while the maximum value of the likelihood function for the model (L) is greater, AIC [= 2K -2 log(K)] is then smaller. 2 This is equivalent to compare the information lost from using g 1 and one lost from using g 2 to represent f. If AIC using g 1 is smaller than AIC using g 2 , the model g 1 is judged better fitted. constructed by ontological brocks, which are either virtual or physical existing in the domain.
Ontology in information science, 3 a fortiori, makes us build some ontological construction, whether virtual or physical, using artificial intelligence. Due to a drastic change of the social system, the efficient-market hypothesis has lost its validity. It seems to us unavoidable to restore ontology to economics. However, this does not mean to return to the approach of classical political economy again. We should learn a new ontology defined in information science. It is noted that ''entity'' is already embodied as operator/function in Wolfram's Mathematica. Entity can be of functional form in information science.
As artificial intelligence is employed to run entities, it is easier to argue their classes, instances, attributes, their relationships, and functional terms among complex interactions which are mathematically not identified in advance. Thus, an ontological reasoning on the market domain easily brought an idea to apply agentbased modelling (ABM) to emulate an actual entity such as actual market, macro economy, and so on. Among them, a market simulator such as U-Mart system 4 can emulate an actual exchange market, potentially in some cases become a miniature of an actual market itself. That is to say, the artificial market is an ontological experiment in the market domain to reproduce a market. To employ ABM, without restricting excessively a domain under research and/or damaging functional terms structured by existing entities, we will be able to reproduce some complicated interactions.
To part with the efficiency hypothesis in the domain of production, some ontological consideration may be required. A custom sanctified by long practice in production was to presuppose optimizers and their environments fitted to them. As Hildenbrand (1981) noticed, the traditional production function is described as the projection of Y on the input space for some X of the input space is V:
As an optimizing rule/agent is imposed in advance, the domain of technology set is then limited to a convex set of original single activities. Hildenbrand (1981 Hildenbrand ( , 1097 mentioned:
[T]he economic relevance of the efficient production function is questionable. Other concepts of production functions for an industry are indeed conceivable; one might take into account certain institutional barriers to factor mobility in aggregating the individual production sets.
Leaving the special space restricted by the traditional production function, we can observe various possible combinations to accept institutional effects. Broadening the space, from where technology can be chosen, implies to introduce all possible combinations of activities. By nature, on the other hand, a zonotope of production permits to represent all possible combinations of activities. It then turns out that traditional economics is entirely irrelevant to an ontological thinking about how the production function exists. Given four basic activities, a zonotope of production is described in Fig. 1 .
The same consideration as a zonotope of production applies to gene analysis, as Wright (1932) described a diversity of huge size, which allelomorphs of genes can generate, as Fig. 2. Figures 1 and 2 are of formally similar forms. Furthermore, we can immediately grasp a common idea between both figures. We notice that both are based on the same ontological reasoning. Incidentally, Fig. 1 in the above corresponds to Fig. 3 Turing (1952) . Here, he suggested that concentrations and asymmetries are keys to understanding evolution starting from the embryo. Evolving dynamics is modeled as a single activator-a single inhibitor model to generate various singularities. There exists an asymmetry between the inhibitor and the activator. The inhibitor's diffusion from one cell to another is much bigger than the activator's one. More interestingly, Turing in 1952 properly predicted that artificial intelligence would reproduce this theory. In 2006, Stefanie Sick et al. by computer simulation on the growth of hair has shown that two types of molecules 6 Here, he mentioned the Philosophy of Chemicals. To employ artificial intelligence, in particular, cellular automaton, a practically ontological reasoning will be achieved by resorting to ABM thinking.
The article of Rosser and Rosser (2016) of this special issue shares with the spirit common to Wright and Turing. 7 By resorting to Thorstein Veblen, this article examined the basis for increasing returns, multiple equilibria, and bifurcations in the evolution of institutions. In our compilation of this special issue, we have first arranged the ontological arguments of economic theory in the two articles of Aruka (2017) , and Rosser and Rosser (2016) .
For the latter part of this special issue, we then prepared the articles for ABM simulation on Japanese economy and the financial asset market, respectively. In the social system, the means available to us to solve a number of unknowns are often limited. In other words, the number of equations processed in a given system is much smaller than the number of variables. This then causes to raise the discretion Fig. 2 The 16 homozygous combinations: a; b; c; d are allemorphs. Cited from Wright (1932, 357) 5 See Damerow (2015) . Here the author exposited Turing (1952) in details. 6 See Stephen Wolfram's blog: http://blog.stephenwolfram.com/2017/07/the-practical-business-ofontology-a-tale-from-the-front-lines/. 7 See Rosser and Rosser (2017) in Chapter 4 in Aruka and Kirman (2017). to choose the decision rule. This may be also interpreted as a source of diversity. Characterizing a system depends on what kinds of unknowns are deployed. This criterion was also important in economics to establish general equilibrium since Leon Walras. Focusing on this criterion, Michio Morishima (1984) extensively examined the different characterization of doctrines between Marx and Keynes. The multipliers working in a system varies as a system specification is altered. In this point of view, it is also seen that the well-known hypotheses of either the representative agent or the efficient-market were a method to reduce unknowns boldly.
The article of Ogibayashi and Takashima (2017) adopted Keynesian specification of the system in the context of Morishima, and employed the economic linkage table (Table 5 of Ogibayashi and Takashima). This provides the macro economy to the interaction matrix associated with the balance sheet of agent. For different purposes in accordance with the research target, the interaction matrix will naturally be of wide varieties. The famous EURACE 8 employed another linkage table different from Ogibayashi's table. In his article, inefficiency in public expenditure, (the ratio of firm subsidies to the sum of firm subsidies and market purchases) and tax policy are studied by comparing the ABM simulation and the actual statistical figures. This article suggests a new idea to measure inefficiencies by ABM.
In the above, we have already referred to the use of artificial market as a useful ontological method. The article of Yagi et al. (2017) employed an artificial market to examine the effects on price formation in financial markets, when the rule for investment diversification was imposed. Here, the artificial market to deal with two assets was designed to experiment in the environment where investors are obliged to follow the rule for investment diversification. This article also exhibited usefulness of an ABM of the financial market.
In March 2016, JAFEE arranged an international conference titled: International Conference on Socio-economic Systems with ICT and Networks. 9 To focus on the main theme of this conference, as another publication around this conference, we have already compiled a collection titled: Economic Foundations for Social Complexity Science: Theory, Sentiments, and Empirical Laws (Aruka and Kirman 2017) . In parallel with this monograph achievement, this special issue has aimed at examining more directly some methodological/ontological issue to reconstruct economics.
